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INTRODUCTION

Nucleic acids have become the ultimate tools in the recognition and monitoring of
many important compounds [1]. There is a great demand for a detection system which
cannot only determine specific DNA fragments, but can also determine the exact total nucleic
acid content of a sample. For more than a decade, DNA biosensor technologies are under
intense investigation owing to their great promise for rapid and low-cost detection of specific
DNA sequences in human, viral and bacterial nucleic acids [2].

Recently, some electrochemical techniques that are well suited for detecting
hybridization and DNA damage events have been reported. Hybridization can be detected by
redoxactive metal comple xes that associate selectively and reversibly with double stranded
immobilized DNA [3,4]. Erdem et al. [5,6] reported that methylene blue (MB) could be used
as a redoxactive indicator for the electrochemical detection of mismatched bases in DNA.

Only a little attention has been paid to the development of electrochemical DNA
biosensors that do not require an external redox indicator. Wang et al. [7] described an
indicator-free electrochemical DNA biosensor protocol, which involves the immobilization of
inosine-substituted (guanine-free) probe onto CPE and the detection of hybrid formation was
performed by using the appearance of the guanine oxidation signal of the target in
connection with chronopotentiometric stripping analysis (PSA). Napier et al. [8] dso used
inosine substituted probes, which still recognized cytidine but not donated an electron to
[Ru(bpy)s]*". Their hybridization indicator, [Ru(bpy)s]*", exhibited a reversible redox couple at
1.05 V and oxidized guanine in the products of polymerase chain reaction (PCR) of genomic
material from infectious organisms.

Methylene blue (MB) is an aromatic heterocycle that binds strongly to DNA via
intercalation. MB interacts in a different way with ssDNA and dsDNA. The decreased
electrochemical response due to the association of the large planar hydrophobic
phenothiazine group with the surface duplex thus serves as the DNA recognition signal [5,6].
In particular, the cationic charge of MB would improve the DNA binding affinity electrostatic
interaction with phosphate backbone. Barton and co-workers [9] reported on a gold electrode
derivatized with DNA oligonucleotides containing a pendant 5’-hexanethiol linker. They used
this electrode to detect the point mutations in DNA by using the electrocatalyzis of the MB,
which is intercalated into the duplex at the electrode surface.

Here we describe an electrochemical DNA biosensor for the detection of DNA
hybridization using the oxidation signals of guanine and adenine and the reduction signals of
MB in connection with DPV.

EXPERIMENTAL SECTION

Apparatus

The oxidation signals of adenine and guanine were investigated by using DPV with an
AUTOLAB PGSTAT 30 electrochemical analysis system and GPES 4.8 software package
(Eco Chemie, The Netherlands). The three electrode system, consisted of the in-house made
carbon paste electrode (CPE) as the working electrode, the reference electrode (Ag/AgCl)
and a platinum wire as the auxiliary electrode. The body of CPE was a glass tube (3 mmi.d.)
tightly packed with the carbon paste. The electrical contact was provided by a copper wire
inserted into the carbon paste. Carbon paste was prepared in the usual way by hand-mixing
graphite powder (Fisher) and mineral oil (Acheson 38) in a 70:30 mass ratio. The surface
was polished on a weighing paper to a smoothed finish before use. The convective transport
was provided by a magnetic stirrer.
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Chemicals
Double stranded calf thymus DNA (dsDNA, activated and lyophilized) and single
stranded calf thymus DNA (ssDNA, activated and lyophilized) were purchased from Sigma.
The 17-base synthetic oligonucleotides were purchased from Synthegen, LLC (Houston,
Texas, USA); their base sequences are as below:
target (17-base sequence A):
5°-TAA-GCA-ACC-TGA-TTT-GA-3°
immobilized probe (17-base sequenceB):
5°-TCA-AAT-CAG-GTT-GCT-TA-3*
Two - bases mismatch (17-base sequence A®:
5°- TAA-GCA-AGG-TGA-TTT-GA- 3°
The 17-base sequence A is complementary to 17-base sequence B; 17-base sequence
At is a mutant of the 17-base sequence A with two-base changed, as indicated by the
underlines.
RESULTS AND DISCUSSION
The DNA biosensor relied on the electrochemical transduction of the hybridization
between the probe and complementary sequences. The detection of hybridization was
accomplished by using the oxidation signals of guanine and adenine, where the
electroactivity of these bases led to significantly enhanced voltammetric signals. The
decrease in the magnitude of the voltammetric peaks of guanine and adenine thus reflected
the extent of the hybrid formation. The detection method therefore involves monitoring the
intrinsic signals of DNA by DPV, which is enhanced in the presense of probe due to the
higher oxidation signals of free guanine and adenine.
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Figure 1.

The changes in DPV peak currents of guanine and adenine obtained with the ssDNA
and dsDNA modified CPEs are shown in Figure 1. The oxidation peak potentials of the
guanine (Figure 1a and 1b) and adenine (Figure 1c and d) were found at around 1 V and
1.20 V, respectively, in both electrodes. The signals obtained with the ssDNA modified CPE
(Figure 1a and Figure 1c) were higher than the ones obtained with the dsDNA modified CPE
(Figure 1c and d). Due to the binding of guanine and adenine bases to complementary
cytosine and thymine base s in dsDNA, the redox active groups of guanine and adenine were
only partly avaliable for oxidation; and the peak current observed for them at the dsDNA
modified CPE decreased to about 51.6 %.
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Sequence-specific hybridization experiments were performed to assess whether the
probe-modified CPE responded selectively to the target (Figure 2). High oxidation signals of
guanine (Figure 2a¢) and adenine (Figure 2aa) were obtained from the probe modifed CPE.
Hybrid formation on the CPE with the target sequence resulted in the decrease of the
guanine (Figure 2¢;) and adenine (Figure 2¢;) signals. The response of the two-bases
mismatch oligonucleotide at the DNA biosensor was also detected by using the intrinsic
adenine and guanine signals (Figure 2bg). In the presence of an oligonucleotide containing a
two-bases mismatch (sequence A which were guanine bases nearly in the middle of this
sequence, the difference between the signal of the sequence A - sequence B hybridization
and the e of the sequence A - sequence B hybridization could be observed. This
difference indicated that the complete hybridization was not accomplished. No difference in
the adenine signals were observed from the hybridization between probe and mismatch
containing sequences (Figure 2bp). Since the mismatched bases were guanines, the
increase in the signal of the sequence At- sequence B hybridization assumed to be based
on the presence of unbound guanine bases available for oxidation (Figure 2bg).
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Figure 3 shows differantial pulse voltammograms for MB at the 17 -base probe -
modified CPE (a) before hybridization, (b) after hybridization with the two-bases mismatch
oligonucleotide (sequence C), (c) after hybridization with 17-base Microcystis spp. target
(sequence A). A significant increase in the voltammetric peaks are observed for the
indicators, showing that MB has reversible electroactivity and strong association with the
guanine residues on immobilized probe (Figure 3a). Figure 3b shows the substantial
response of the two-bases mismatch oligonucleotide at the DNA biosensor is also detected
by using MB. In the presence of an oligonucleotide containing an two-bases mismatch
(sequence A) which included guanine bases nearly at he middle of this sequence, the
difference between the signal of the sequence A - sequence B hybridization and the one of
the sequence A¢-sequence B hybridization could be observed. MB reported here is capable
of selectively discriminating against mismatches, as desired for the detection of disease-
related point mutation in the guanine bases of the cyanobacteria. The resulting biosensors
offer great promise for mismatch -sensitive hybridization detection and can operate over a
wide range of hybridization conditions.

CONCLUSION

The utility and advantages of an indicator free and MB based sequence specific DNA
hybridization biosensor based on guanine and adenine oxidation signals and MB reduction
signals have been demonstrated. Indicator free detection system is simple, cost-effective and
provides rapid detection. The application of DPV at CPE fulfilled the expectations for the
direct detection of hybridization between the known oligonucleotides. This procedure can be
employed to detect specific gene sequences related to different viruses, bacterias or even
inherited diseases. Improving the immobilization and hybridization steps through the use of
covalent attachment schemes or PNA probes should futher minimize non-specific adsorption
effects and maximize sensitivity and speed. Reports are in progress towards these
directions.
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